Abstract. The present study aimed to investigate presurgical neoadjuvant targeted therapy for patients with kidney cancer and vena cava tumor embolus, in order to examine its indications, therapeutic effects and optimal timing of surgery. Between June 2009 and June 2014, 12 patients from The People's Liberation Army General Hospital (Beijing, China) were diagnosed with kidney cancer with superior vena cava tumor embolus, and received presurgical neoadjuvant targeted therapy (sorafenib 400 mg twice a day or sunitinib 50 mg/day) for a median of 13.3 weeks. Patients included 8 males and 4 females, with a median age of 49.8 years.
Introduction
Renal cell carcinoma (RCC) is a common malignancy of the genitourinary system, accounting for 2-3% of malignancies in adults and 80-90% of all renal malignancies (1) . Furthermore, 4-10% of RCC cases may lead to inferior vena cava tumor embolus, particularly in patients with right-sided RCC (1) . Radical nephrectomy and tumor embolus removal surgery are the treatments of choice for patients with RCC and vena cava tumor embolus. However, this surgery is challenging, involving risks and stringent requirements for certain medical devices and conditions (2) . For patients with tumor embolus level III or worsening status (3), surgical intervention usually requires cooperation between hepatobiliary surgeons and cardiovascular surgeons (2) .
The introduction of targeted molecular therapy has altered the therapeutic pattern of RCC significantly, achieving success in treating advanced RCC, and making targeted drug-based presurgical neoadjuvant therapy an attractive approach for RCC treatment (4) . In 2008, Di Silverio et al (5) applied preoperative targeted molecular therapy for the first time in a patient with a large RCC in the left kidney, renal hilum lymph node metastasis and inferior vena cava tumor embolus. Sorafenib therapy for 24 weeks significantly reduced the intravenous tumor embolus, and the patient received left radical nephrectomy 5). Further studies applied neoadjuvant targeted molecular therapy successfully in patients with RCC and inferior vena cava tumor embolus (6) (7) (8) (9) (10) (11) (12) . The results of these studies indicated that this therapy aids the reduction of tumor embolus size, decreases tumor embolus level and subsequently reduces surgical risk and difficulty (6) (7) (8) (9) (10) (11) (12) . However, Cost et al (13) demonstrated that targeted molecular therapy had minimal clinical effects on RCC tumor thrombi. In this case, clinical regression of the thrombus occurred only in sunitinib-treated patients, and the authors recommended an additional prospective investigation in order to determine the effects of targeted molecular therapy, particularly on tumor thrombus levels (13) . In the present study, it was hypothesized that the therapeutic effects of presurgical neoadjuvant targeted molecular therapy may improve the selection of the surgical method, favorably impacting the timing of surgery for even the most challenging cases, and may also reduce surgical difficulty and complications. The present study administered presurgical neoadjuvant targeted therapy to RCC patients with vena cava tumor embolus. The purpose of the present study was to investigate presurgical neoadjuvant targeted molecular therapy for kidney cancer with vena cava tumor embolus, and to investigate the indications and effects of this therapy in association with the method and timing of surgery.
Patients and methods
Patient selection. A total of 12 consecutive patients with RCC (8 males and 4 females; median age, 49.8 years) with inferior vena cava tumor embolus, who received presurgical neoadjuvant targeted molecular therapy at The People's Liberation Army General Hospital (Beijing, China) between June 2009 and June 2014, were enrolled. The inclusion criteria were as follows: Patients aged >18 years; RCC with vena cava tumor thrombus (level II-IV); histologically determined presence of clear cells; absence of prior systemic therapy; Eastern Cooperative Oncology group performance status of 0 or 1; absence of brain metastasis; and no evident contraindications to surgery. The exclusion criteria were as follows: Patients unable to adhere to targeted therapy; patients unable to receive follow-up; or presence of evident contraindications to surgery. The preoperative diagnosis was RCC with concomitant vena cava tumor embolus in all 12 patients. All patients received a renal biopsy prior to surgery and a pathological examination demonstrated the presence of clear-cell (cc)RCC. The Internal Review Board of The People's Liberation Army General Hospital reviewed and approved the study protocol. All enrolled patients provided written informed consent for their data to be included in the study.
Neoadjuvant therapy.
Prior to the administration of targeted therapy, spiral computed tomography (CT) or magnetic resonance imaging was performed to determine the tumor size. A mass >1 cm in diameter was defined as a targeted tumor. If multiple foci were present, a maximum of five foci in the same organ or ≤10 foci in the entire body, were selected as targeted tumors, and the remaining tumors were regarded as non-targeted tumors. In 7 patients, sunitinib (Pfizer, Inc., New York, NY, USA; 50 mg four times a day) was administered orally prior to surgery (4 weeks followed by an interval of 2 weeks) for 12-18 weeks. In 5 patients, sorafenib (Bayer AG, Leverkusen, Germany; 400 mg twice a day) was administered orally continuously prior to surgery for 8-12 weeks. CT, routine blood and urine tests, blood biochemical analysis, and detection of coagulation parameters were performed once weekly. When the tumor size had decreased to a stable size, targeted therapy was discontinued and a comprehensive evaluation was performed prior to surgery, aiming to exclude contraindications. The time between discontinuing the targeted therapy and surgery was included in the evaluation of all patients.
Surgical intervention. In total, 10/12 patients received surgical intervention under general anesthesia. Robot-assisted laparoscopic radical resection of the right kidney and vena cava tumor embolus removal surgery were performed in 3 patients; radical nephrectomy and vena cava tumor embolus removal surgery were performed in 2 patients following the percutaneous implantation of a balloon catheter in the inferior vena cava; and open radical nephrectomy and vena cava tumor embolus removal surgery were performed in the remaining 5 patients. In addition, 2 patients did not receive surgical intervention due to multiple metastases, tumor embolus or disease progression. Following surgery, 7 patients continued to receive targeted therapy.
Data collection. Therapeutic efficacy was determined according to the Response Evaluation Criteria in Solid Tumors (14) , and evaluated once during every course of therapy. Adverse effects were evaluated and graded once during every course of therapy according to the National Cancer Institute Common Terminology Criteria for Adverse Events version 3.0 (2006) (15). The following information was collected for analysis: Clinical characteristics, CT or magnetic resonance imaging results prior to and following therapy, dose of targeted drugs, duration of targeted therapy, therapeutic efficacy, adverse effects, time of surgery, intraoperative findings, intraoperative blood loss, postoperative drainage volume, perioperative complications, postoperative pathological findings and therapies administered following surgery. All patient data were reviewed and analyzed retrospectively.
Histochemical staining. For histochemical analysis, embryos were fixed in 10% formalin. Sections 4-µm thick were obtained. The tissue was dewaxed, rehydrated with a descending alcohol series (concentration, 90-80%) and stained with hematoxylin and eosin. Sections were deparaffinized three times by xylene for 5 min each time in 80˚C and then re-hydrated twice in absolute alcohol for 5 min each, followed by 3.95% alcohol for 2 min and 70% alcohol for 2 min. Sections were then washed briefly in distilled water. Subsequently, sections were stained with Harris hematoxylin solution for 8 min, washed under a running tap water for 5 min, differentiated in 1% acid alcohol for 30 sec, and washed again under a running tap water for 1 min. This was followed by bluing in 0.2% ammonia water or saturated lithium carbonate solution for 30 sec to 1 min. Sections were then washed under a running tap water for 5 min, rinsed in 95% alcohol (10 dips), counterstained in eosin-phloxine solution for 30 sec to 1 min and dehydrated through 95% alcohol, 2 changes of absolute alcohol for 5 min each. Sections were then cleared in 2 changes of xylene for 5 min each. Finally, sections were mounted with xylene-based mounting medium. All tissue specimens were examined using bright-field microscopy (Axiovert 200; Carl Zeiss AG, Oberkochen, Germany) at a magnification of x200 or x400 (16) .
Statistical analysis. Non-parametric statistical analyses were applied due to the small sample size. Continuous data are presented as the median and interquartile ranges, together with Mann-Whitney U tests for intergroup comparisons and Wilcoxon signed-rank tests for comparisons of differences between pre-and postoperative variables. Categorical data are presented as counts and percentages, together with Fisher's exact tests for group comparisons. For assessments of therapy efficacy, the objective response rate (ORR) and disease control rate (DCR) were calculated based on the complete response (CR), partial respremission (PR) and stable disease (SD) as follows: ORR=CR+PR and DCR=CR+PR+SD. All statistical analyses were performed using IBM SPSS statistical software version 22 (IBM SPSS, Armonk, NY, USA). P<0.05 was considered to indicate a statistically significant difference. Table I presents the baseline characteristics of all patients enrolled in the present study, grouped according to the type of neoadjuvant targeted molecular therapy (sorafenib vs. sunitinib) received. RCC was right sided in 9 patients and left sided in 3 patients. The median diameter of the primary RCC tumor was 8.4 cm (range, 5.4-10.6 cm). Tumor embolus levels II, III and IV were observed in 2, 6 and 4 patients, respectively. The median length of tumor emboli was 9.7 cm (range, 6.5-14.0 cm), and a representative RCC with tumor embolus is presented in Fig. 1 . No significant differences were observed between the two therapy groups. A total of 4 patients developed perioperative complications, including delayed wound healing, hypertension, kidney dysfunction and anemia, all of which were resolved following symptomatic therapy. Preoperative examinations revealed hypertension in 3 patients, lower extremity edema in 1 patient, ascites in 1 patient and coagulation dysfunction in 1 patient, whilst the remaining patients had no contraindications to surgery. In addition, 2 patients developed lung metastases and one exhibited multiple bone metastases.
Results

Patients' baseline demographic and clinical characteristics.
Neoadjuvant therapy. A total of 5 patients received sorafenib therapy and 7 patients received sunitinib therapy. The median duration of targeted molecular therapy was 13.3 weeks (range, 8-18 weeks) prior to surgery. In overall assessments of therapeutic efficacy, PR was observed in 4 patients, SD in 6 patients and PD in 2 patients. The ORR was 33.3% and DCR was 83.3%. For primary RCC, PR was noted in 2 patients, SD in 8 patients and PD in 2 patients; for tumor embolus, PR was observed in 4 patients and SD in 8 patients. No patients in the present study exhibited complete remission. Representative images revealing the reduced size of the vena cava tumor emboli at 4-and 8-week time points following neoadjuvant therapy are presented in Figs. 2 and 3 , respectively. The preoperative average targeted therapy stop time for all 12 patients was 14 days. The median treatment time and preoperative average targeted therapy termination time were significantly higher in patients receiving sunitinib than in those receiving sorafenib (treatment time, 18 vs. 12 weeks, P=0.03; preoperative average target therapy termination time, 14 vs. 12 weeks, P=0.048). In sunitinib-treated patients, the observed primary adverse effects included hypertension, skin reactions of the hands and feet, fatigue, diarrhea, and loss of appetite. In sorafenib-treated patients, the primary adverse effects were skin reactions of the hands and feet, hypertension, and diarrhea. All adverse effects were graded as 1-2 (15), and no patients received intermittent administration of the targeted therapy or a reduction in drug dosage due to adverse effects.
Surgical results. The median duration from therapy discontinuation to surgery was 14.1 days (range, 10-20 days). The median operative time was 274 min (range, 210-420 days). Median intraoperative blood loss was 1,520 ml (range, 600-2,960 ml). A total of 8 patients received blood transfusion, and the median volume of transfused blood was 1,080 ml (range, 400-2,000 ml). The median drainage volume following surgery was 380 ml (range, 270-470 ml).
The median postoperative hospital stay was 9.5 days (range, 8-14 days). The median follow-up time was 18.5 months (range, 3-50 months).
Patient follow-up. For all 12 patients, the median duration of patient follow-up was 18.5 months (range, 3-50 months). The final follow-up was conducted on 1 September 2014, and no patients had succumbed to the disease; however, 2 patients developed novel lung metastases (Table I) .
Postoperative pathology results. Postoperative pathology revealed ccRCC. Observed using hematoxylin and eosin staining, the principal pathological findings were as follows: Significant atrophy of the capillary sinus in the renal parenchyma; the tumor became fibrotic and necrotic; and the tumor cells exhibited nuclear condensation and degeneration (Fig. 4) . Following surgery, 7 patients continued to receive targeted therapy. Table II presents the median long-axis diameters of the embolus and tumor for all 12 patients, which were significantly shorter prior to, compared with following, targeted molecular therapy (long-axis diameter of embolus, 8.5 vs. 9.3 cm, P=0.003; long-axis diameter of tumor, 7.8 vs. 8.5 cm, P=0.018, respectively). For patients receiving sorafenib, no significant differences were observed between the pre-and post-targeted molecular therapy long-axis diameters of emboli and tumors (P>0.05). For patients receiving sunitinib, the median long-axis diameters of the emboli and tumors were significantly shorter prior to targeted molecular therapy, compared with those following targeted molecular therapy (long-axis diameter of embolus, 8.5 vs. 10.1 cm, P=0.018; long-axis diameter of tumor, 7.5 vs. 8.5 cm, P=0.028, respectively). The length of the tumor emboli was reduced by a median value of 18.7% (range, 0.0-42%) or 1.8 cm (range, 0.1-5.2 cm), and the tumor diameter was reduced by a median value of 8.6% (range, 0.0-38.9%) or 0.7 cm (range, 0.0-3.5 cm; Table II ). The level of the tumor thrombus, classified by the Mayo Clinic standard, was observed to decrease following sunitinib treatment, including two cases that were Table II 
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Discussion
In total, 12 patients with RCC and concomitant vena cava tumor embolus were administered targeted molecular therapy consisting of sorafenib or sunitinib for a median duration of 13.3 weeks prior to surgery. Overall assessment of therapeutic efficacy demonstrated that 4 patients exhibited a PR, whilst 6 patients had SD and 2 patients had progressive disease. For the tumor emboli, PR was observed in 4 patients and SD in 8 patients. None of the patients exhibited complete remission. Similar adverse effects were observed between patients treated with sorafenib and sunitinib. All adverse effects were grades 1-2, including primarily hand or foot skin reactions, hypertension, and diarrhea. No patients had intermittent administration of the targeted therapy or a dose reduction due to adverse effects. Median long-axis diameters of emboli and tumors in all 12 patients were significantly shorter following targeted molecular therapy, compared with those prior to targeted molecular therapy. However, the median long-axis diameter of the embolus and tumor were only significantly shorter in sunitinib-treated patients compared with sorafenib-treated patients. Pre-surgical downsizing of the tumor embolus may potentially have a clinically significant impact on surgical treatment (12) . This effect was observed in the present study, during which, the level of the tumor thrombus was decreased following sunitinib treatment, including two cases that were downgraded from tumor thrombus level IV to II, one case from level IV to III and two cases from level III to II. The majority of previous studies have demonstrated that targeted therapy is able to downsize RCC tumors in order to allow organ-sparing surgeries to be performed (11, 17) , including a partial nephrectomy for patients with localized and advanced RCC (18) . Downstaging may also decrease the risk of recurrence (10) . Previous studies have demonstrated that targeted therapy may result in progression-free survival of ≤15 months and overall survival of ~26 months, and continuing therapy has resulted in overall survival of ≤4 years (19, 20) .
Although nephrectomy and tumor embolus removal is still the first-line therapy for RCC with tumor thrombi, targeted molecular agents are among the recommendations for first-line systemic therapy in international guidelines, including those of the European Society of Medical Oncology (ESMO) (21) . The ESMO Clinical Practice Guidelines indicate that ccRCC is the most common (70-85%) subtype of RCC in adults, and it has subsequently been the focus of the majority of trials on ccRCC. Therefore, recommendations within the guidelines are primarily associated with this histological subtype (22) . Drugs that have demonstrated efficacy as systemic treatments in early RCC include sunitinib, pazopanib and sorafenib (22) (23) (24) . In the present study, pathological examination of renal cell biopsies demonstrated that all patients involved had ccRCC, and that sorafenib and sunitinib demonstrated efficacy and safety when used as presurgical neoadjuvant therapies.
Currently, no established protocol for neoadjuvant targeted therapy exists, and the duration of targeted therapy may range from 23 to 262 days (12) . This discrepancy may be attributed to variations in the responses of primary RCC and metastatic foci to this type of therapy (23) . In the present study, patients who received targeted therapy had been diagnosed with advanced-stage cancer (localized extensive infiltration and/or distant metastasis), and only when the primary cancer and/or metastatic foci are controlled, are the patients able to receive radical surgery. The various responses to targeted therapy may significantly impact the duration of targeted therapy that is selected.
Targeted drugs may also affect wound healing; thus, surgery is typically performed several days or weeks following the discontinuation of therapy (12) . Generally, the interval between therapy discontinuation and surgery is 2-3 half-lives of the targeted drug (sorafenib, 8-12 days; sunitinib, 12-18 days). Sorafenib may be advantageous due to its shorter half-life compared with sunitinib; however, the optimum therapeutic agent remains to be determined as the preoperative use of these drugs continues to be evaluated (9). Shuch et al (3) reported that the time between therapy discontinuation and surgery by sunitinib ranged from 2-4 weeks. Cowey et al (11) administered sorafenib for 33 days, with a 3-day interval prior to surgery (described as 'synchronously with surgery'), and identified that sorafenib therapy reduced the size of the primary tumor and had a positive impact on the surgical outcome. Thomas et al (25) administered neoadjuvant targeted therapy to 19 patients, observing that the incidence of complications was ~16% (wound complications in 2 patients). Chapin et al (26) compared postoperative complications between patients who received immediate cytoreductive surgery and patients who received neoadjuvant therapy and cytoreductive surgery, concluding that, even though the risk for wound complications was relatively high, there were no marked differences in the overall or severe complications between the two groups (26) . Therefore, patients who received preoperative neoadjuvant therapy were not at greater risk for complications than those undergoing surgery without preoperative therapy (26) .
In the present study, if surgery was indicated to remove target tumors, then presurgical neoadjuvant therapy was considered. The ESMO guidelines recommend a period of early observation following diagnosis (21). Bex et al (17) reported that the indications for neoadjuvant targeted molecular therapy include RCC with vena cava tumor embolus level III/IV and RCC at the tumor-node-metastasis system stage T1b or T2 as suitable for partial nephrectomy (bilateral RCC or solitary kidney) or as tentative therapy for advanced RCC prior to cytoreductive surgery (18, 19) . For patients with tumor embolus level III or lower, presurgical neoadjuvant targeted molecular therapy may be considered to reduce tumor size if the imaging examinations suggest that resection is impossible due to the tumor embolus being adhered to the vena cava wall (12) . Preoperative evaluation of the disease condition is necessary in all cases, and the dysfunction of vital organs (heart, lung, brain and kidney) or the presence of coagulation disorders are major contraindications to surgical intervention (12) .
The present study possessed several limitations, including that the data were reviewed retrospectively. Although the 12 patients involved in the present study represent the largest sample size to date for studies on targeted molecular therapy for RCC with vena cava tumor embolus in China, the results are limited by the small sample size. In addition, follow-up was limited to a median value of 18.5 months (range, 3.0-50.0 months), and all patients survived, meaning that overall survival time was not reached. Long-term follow-up is required to fully evaluate progression-free survival following neoadjuvant targeted molecular therapy and surgery for patients with RCC and vena cava tumor embolus. Additional prospective studies including a larger sample size of this patient population are required to investigate the results of the present study, particularly with regard to the long-term efficacy of specific targeted molecular therapy.
In conclusion, presurgical neoadjuvant targeted molecular therapy for RCC with vena cava tumor embolus reduces the size of the tumor and thrombus, in turn reducing the surgical complexity associated with performing a radical nephrectomy. Based on the aforementioned 12 cases, presurgical neoadjuvant targeted molecular therapy may form a strategic component of comprehensive RCC treatment. Additional studies are required to further elucidate the long-term efficacy of presurgical neoadjuvant targeted molecular therapy for RCC with vena cava tumor thrombus.
